Background: Prolonged exposure of alveolar macrophages (AM) to components of tobacco smoke, including nicotine and aromatic hydrocarbons, may lead to alterations in activation of cellular signaling pathways. In this study, we compared the spontaneous and LPS-stimulated activation of MAP kinases and NF-kB in bronchoalveolar cells (BAC) from smokers and nonsmokers. Material and Methods: BAC, which were predominantly comprised of AM, were obtained by bronchoalveolar lavage of healthy volunteering adult smokers and nonsmokers. Nuclear and cytoplasmic extracts were prepared from cell lysates. Activation of NF-kB was assessed by electrophoretic mobility shift assay. Degradation of the inhibitor of NF-kB (IkB) and total MAP kinases were assessed by Western blot analysis. Activation of MAP kinases, ERK, SAPK/JNK, and p38 were assessed by immunoprecipitation of cell lysates and kinase assays.
Introduction
Alveolar macrophages (AM) are continuously exposed to high oxygen tension and inhaled particles. In cigarette smokers, AM additionally are exposed to exogenous stress, such as the components of tobacco smoke, including nicotine and aromatic hydrocarbons. Smoking is known to be a risk factor not only in carcinogenesis but also in opportunistic pulmonary infections, especially in HIV-1-infected patients (1, 2) . Abnormalities in activation of nuclear factor-kB or stress-activated signal transduction pathways in bronchoalveolar cells (BAC) may underlie the development of infections in the lung. However, little is known about the effect of smoking on signaling pathways in BAC or AM.
Cellular response to extracellular stimuli is controlled via a complex array of phosphorylation cascades (3, 4) . The mitogen-activated protein (MAP) kinases are an important group of serine/ threonine signaling kinases that play a major role in converting mitogenic and stress stimuli into nuclear responses. In mammalian cells, three major groups of MAP kinases have been identified. The extracellular signal-regulated kinases (ERK1 and ERK2) pathways transmit signals due to mitogenic and differentiation stimuli. The SAPK/JNK and p38 pathways transmit stress signals resulting from oxidative stress or stimulation with inflammatory cytokines, such as tumor necrosis factor alpha (TNF-a) (4, 5) . Activation of these signal transduction pathways leads to either phosphorylation of transcription factors in the nucleus or translocation of nuclear factors, such as nuclear factor-kappa B (NF-kB), to the nucleus which in turn affect gene expression (6, 7) .
NF-kB exists in the cytoplasm complexed to its inhibitor, IkB-a. Upon cell stimulation, specific kinases phosphorylate IkB-a, targeting it for ubiquitin-mediated degradation (8) . Common mediators of activation connect the MAP kinase signaling pathway and the NF-kB transcription pathway; for example, both NF-kB and SAPK/JNK are activated through ERK kinase kinase 1 (MEKK1) (9) . However, the involvement of the signaling pathways in activation of NF-kB is still controversial (10) .
AM from smokers may have an altered activation state and/or responsiveness to stimuli, thus modifying their immune and inflammatory profile. Recent evidence suggests that AM from smokers are activated in situ. For example, higher amounts of reactive oxygen intermediates are released by AM from smokers upon stimulation in vitro (11) . Oxygen radical metabolites incite spreading of macrophages through activation of MAP kinase-serum response element signaling pathway (12) . In this case, it appears that ERK (p44/42) and p38 MAP kinases, but not SAPK/JNK, are involved. Furthermore, it has been shown that nicotine specifically activates the ERK2 signal transduction pathway in lung cell lines (13) . In addition, chronic exposure to nicotine induces T-cell anergy by impairing the ability of T cells to upregulate inositol triphosphate synthesis in response to ligation of T-cell receptors (14) . Further, AM from smokers produce fewer cytokines in response to bacterial lipopolysaccharide (LPS), and smokers have decreased resistance to bacterial infections (15) . Previously, our group has shown that AM from smokers are more permissive to HIV-1 infection than AM from nonsmokers (16) . Activation of NF-kB appears to be critical to successful infection by HIV-1 (17) . However, a systematic comparison of signal transduction pathways, and their relationship to activation of NFkB in AM or BAC from smokers and nonsmokers, has not been reported.
In this study, we determined the cellular response of BAC, which are predominantly comprised of AM, from smokers and nonsmokers to LPS by assessment of MAP kinase as well as NF-kB activation cascades. We found that BAC from smokers are more susceptible to activation of NF-kB by LPS than those from nonsmokers, and display an altered pattern of activation of the MAP kinase, p38.
Materials and Methods

Study Subjects
Subjects were 18 healthy nonsmokers, 21-39 years of age (range, 28.8 Ϯ 8.0 years) and 18 healthy smokers, 23-43 years of age (range, 33.0 Ϯ 7.3). Smokers were defined as those smoking at least 0.5 pack of cigarettes per day for over 6 months. Nonsmokers were defined as those who had not smoked within the last 1 year or had never smoked. All subjects fulfilled the following criteria: no known risk factors for HIV-1 infection, no medications, no history of heart or lung disease, and no upper respiratory tract infection within 6 months of the study. Informed consent was obtained from each subject. The protocol was approved by the Institutional Review Board for Human Investigation at University Hospitals of Cleveland. Bronchoalveolar lavage (BAL) and preparation of BAC was performed as described previously (18) . Briefly, after anesthetizing the upper airway with topical 4% lidocaine, a flexible bronchoscope (BF type 4B2 bronchoscope; Olympus, Optical Co, LTD, Lake Success, NY, USA) was wedged into the right middle lobe. Then, 240 ml of 0.9% sterile saline was instilled into two segments of the middle lobe, and BAL fluid was harvested. BAL fluid was centrifuged at 1500 rpm, 4ЊC for 10 min. Cell pellets were suspended in Iscove's minimum defined medium (BioWhittaker, Walkersville, MD, USA) containing 10% pooled human serum, and kept on ice. The mean total yield of BAC in BAL was higher in smokers (65.7 ϫ 10 6 ) (p Ͻ .001) than in nonsmokers (20.8 ϫ 10 6 ). BAC from nonsmokers were 90-95% nonspecific esterasepositive (AM), 5-10% lymphocytes, and Ͻ1% granulocytes as assessed by Wright's stain. BAC from smokers were 94-98% AM, 2-6% lymphocytes, and no granulocytes (19) . Therefore, BAC from either group was predominantly comprised of AM. Viability as assessed by exclusion of Trypan blue was Ͼ95% in BAC from either group.
Preparation of Cytoplasmic and Nuclear Extracts
BAC (10 6 cells) were processed either immediately or after incubation in the presence or absence of LPS (Sigma, St. Louis, MO, USA) for 10-120 min in polypropylene tubes under nonadherent conditions. Cytoplasmic and nuclear extracts were prepared as described previously (20) . Briefly, BAC were washed with cold PBS, and resuspended in 400 mL cold buffer A (10 mM HEPES, pH 7.9; 10 mM KCl; 0.1 mM EDTA; 0.1 mM EGTA; 1 mM DTT; 0.5 mM PMSF; 5 mg/ml trypsin-chymotrypsin inhibitor, antipain, aprotinin, leupeptin; 0.5 mg/ml pepstatin A). The cells were allowed to swell on ice for 15 min, then 25 ml of a 10% solution of NP-40 was added and the tubes were vigorously vortexed for 10 sec. The homogenates were centrifuged at 15,000 ϫ g for 30 sec. The supernatants (cytoplasmic extracts) were stored at Ϫ20ЊC. The nuclear pellets were resuspended in 100 ml of ice-cold buffer C (20 mM HEPES, pH 7.9; 0.4 M Nacl; 1 mM EDTA; 1 mM EGTA; 1 mM DTT; 1 mM PMSF; 5 mg/ml trypsin-chymotrypsin inhibitor, antipain, aprotinin, leupeptin; 0.5 mg/ml pepstatin A) and the tubes were vigorously rocked at 4ЊC for 20 min on a shaking platform. The nuclear extracts were centrifuged at 15,000 ϫ g for 5 min at 4ЊC and the supernatants were frozen at Ϫ70ЊC. Protein concentration of the extracts was measured by using the protein assay reagent (BioRad, Hercules, CA, USA). The standard curve was obtained using bovine serum albumin (Sigma).
Electrophoretic Mobility Shift Assay
Oligonucleotide probes used included: NF-kB1a, 5Ј-CTAGCAAGGGACTTTCCG-CTA-3Ј; NF-kB1b, 5Ј-CTAGTAGCGGAAAGTCCCTTG-3Ј (21) . Doublestranded oligonucleotide was prepared by annealing reactions were performed using ERK, p38, and SAPK/JNK assay kits (New England Biolabs Inc., Beverly, MA, USA) and following the manufacturer's instructions. Briefly, each sample (500 mg protein) was incubated with immobilized phosphop44/42 MAP kinase (Thr 202/Tyr 204) and with phospho-p38 MAP kinase (Thr180/Tyr 182) monoclonal antibodies. An N-terminal c-Jun (1-89) fusion protein bound to gluthatione-sepharose was used to "pull down" total SAPK/JNKs from cell lysates. All reactions were incubated overnight at 4ЊC with gentle rocking. Immunoprecipitates were collected by centrifugation at 15,000 ϫ g for 1 min at 4ЊC, washed twice in MLB buffer, and then with the kinase buffer (25 mM Tris pH 7.5, 5 mM beta-glycerophosphate, 2 mM DTT, 0.1 mM Na 3 VO 4 , 10 mM MgCl 2 ).
In Vitro Kinase Assay
These assays were performed using commercial kits (New England Biolabs Inc.) following the instructions of the manufacturer. Briefly, the p44/42 (ERK2/1) and p38 MAP kinase assays were carried out by incubating the immunoprecipitates with either ELK-1 or ATF-2 GST fusion protein in the presence of ATP, which allows immunoprecipitated active MAP kinases to phosphorylate substrates. The kinase reaction for SAPK/JNK was performed by incubating c-Jun precipitated SAPK/JNK with ATP. Each reaction was terminated by the addition of SDS sample buffer, and the samples were run on a 12% SDS-polyacrylamide gel, followed by transfer onto PVDF membrane (Millipore). The membranes were blocked with 5% nonfat dry milk and incubated overnight at 4ЊC in the presence of primary antibodies. The following primary antibodies were used: phspho-ELK-1 (Ser 383, 1/1000), phospho-ATF-2 (Thr 71, 1/1000), and phospho c-Jun (Ser 63, 1/1000). The transfers were washed extensively with TBS-T and incubated for 1 hr at room temperature in horseradish peroxidase-conjugated antirabbit IgG (Santa Cruz Biotech) diluted 1/5000 in TBS-T. The immunoblots were developed with the Super Signal reagent (Pierce, Rockford, IL). Image analysis was performed using Kodak Digital Science 1D Image Analysis software.
Statistical Analysis
The significance of differences between groups was calculated by paired t test.
Results
Dose-Response and Kinetics of NF-kB Activation in LPS-Stimulated BAC From Smokers and Nonsmokers
We first assessed whether BAC (which as noted are over 90% AM) from smokers and nonsmokers were different with regard to activation by LPS. Nuclear extracts were prepared from freshly isolated BAC, or BAC that had been incubated (for 30 min) with the complementary single strands. The probe was radiolabeled with Klenow fragment of DNA polymerase I (Pharmacia LKB, Piscataway, NJ, USA) and [a-32 P]dCTP (ICN Pharmaceuticals, Inc., Costa Mesa, CA, USA, specific activity of 3000 Ci/mmol). For binding reaction, 1-3 ml nuclear extracts (0.2-0.5 mg protein) was incubated in 8 ml total reaction volume containing 25 mM HEPES, pH 7.9, 5 mM KCl, 0.5 mM EDTA, 1 mg/ml BSA, 0.25 mM DTT, 10% v/v glycerol, 0.5 mg poly[d(I-C)], and 32 P-labeled oligonucleotide (3-10 pg, 10,000 cpm) at 37ЊC for 30 min. For supershift analysis, rabbit antisera against p50, p65, c-Rel, or RelB (kindly provided by Dr. Nancy Rice, NCI-Frederick Cancer Research and Development Center ABL-Basic Research Program) were added 5-10 min prior to the addition of the probe (22) . Competition assays were performed in the presence of a 30-fold excess of an unlabeled probe. The reaction products were analyzed by electrophoresis on a 5% nondenaturing polyacrylamide gel that was pre-electrophoresed for 2-3 hr. The gel was dried and analyzed by autoradiography (23) .
Western Blot Analysis
Cytoplasmic extracts containing equal amounts of the protein (10 mg) were resolved by discontinuous 12% SDS-polyacrylamide gel electrophoresis (24) . Proteins were transferred onto nitrocellulose membrane (BioRad) in 25 mM Tris, 192 mM glycine, 20% (v/v) methanol at 100 V for 1 hr (25) . Before blocking, the blot was stained with Panceau S to confirm that equal amounts of protein were transferred to the blot. Transfers were blocked for 2 hr at room temperature with 5% nonfat milk in Tris-buffered saline containing 0.1% Tween 20 (TBS-T) and then incubated overnight at 4ЊC with an affinity-purified rabbit polyclonal antibody raised against full length of human IkB-a (#06-494 Upstate Biotech, Lake Placid, NY, USA). The transfers were washed in TBS-T and incubated for 1 hr at room temperature in HRP-conjugated anti-rabbit IgG secondary antibody (Santa Cruz Biotech, Santa Cruz, CA, USA). The immunoblots were developed with an enhanced chemiluminescence system (ECL; Amersham, Arlington Heights, IL, USA).
Preparation of Cell Lysates and Immunoprecipitation
Cell lysates of freshly isolated BAC and BAC stimulated for 10 and 30 min with LPS (1 mg/ml) or sorbitol (400 mM) were prepared using MLB buffer (50 mM MOPS, pH 7.0, 250 mM NaCl, 5 mM EDTA, 0.1% NP40, 1 mM DTT) supplemented with protease inhibitors (1 mM PMSF, 5 mg/ml aprotinin, 5 mg/ml leupeptin, 10 mM NaF, 5 mM Napyrophosphate, 1 mM Na-orthovanadate) and 20 mM beta-glycerophosphate (26) . Following lysis (30 min, 4ЊC) the suspension was centrifuged (15,000 ϫ g, 15 min, 4ЊC). Protein concentration was determined in supernatants using the BCA protein assay reagent (Pierce, Rockford, IL, USA). Immunoprecipitation and without varying doses of LPS (0-10 mg/ml) in polypropylene tubes. Then, the binding capacity for NF-kB consensus sequence of nuclear extract was determined (Fig. 1) . Some spontaneous activation of NF-kB was observed in both BAC from smokers and nonsmokers in cultures without LPS. LPS induced the activation of NF-kB in a dosedependent manner in both groups. However, the optimal dose of LPS that activated NF-kB in BAC from smokers and nonsmokers differed; induction of NF-kB occurred at 0.01 mg/ml and 0.1 mg/ml of LPS in BAC from smokers and nonsmokers, respectively. Thus, BAC from smokers were 10 times more sensitive to LPS-induced NF-kB activation than BAC from nonsmokers. Next, using 1 mg/ml LPS, the kinetics of NF-kB activation in BAC from smokers (n ϭ 4) and nonsmokers (n ϭ 5) was determined. Representative data from one donor from each study group is shown in Figure 2 . LPSinduced activation of NF-kB occurred in BAC from smokers at 10 min, peaked at 30 min, and was sustained thereafter. In contrast, LPS-induced activation of NF-kB in BAC from nonsmokers was delayed, becoming evident at 30 min and peaked at 6 h. Thus, LPS-induced activation of NF-kB in BAC from smokers occurred with faster kinetics than BAC from nonsmokers.
The composition of NF-kB in unstimulated and LPS-stimulated BAC from smokers and nonsmokers was also determined. Nuclear extracts were subjected to supershift analysis with antibodies directed at the various NF-kB family members. BAC were cultured with medium or LPS (1 mg/ml) for 30 min. Representative data on BAC from smokers is shown in Figure 3 . The composition of NF-kB in both unstimulated and LPS-stimulated BAC was similar, and consisted of p50, p65, and c-Rel, but not relB proteins. All three components (p50, p65, and c-Rel) were significantly higher in LPS-stimulated BAC. As expected, the p65 content was particularly higher in LPS-stimulated samples. However, the composition of NF-kB in LPS activated and unactivated BAC from smokers was similar to that of BAC from nonsmokers (data not shown).
Basal and LPS-Stimulated Expression of IkB-a in BAC
Next, the basal (t 0 ) and the LPS-stimulated levels of IkB-a were compared in BAC from smokers (n ϭ 3) and nonsmokers (n ϭ 5). Cytoplasmic extracts were prepared from BAC either immediately after BAL (t 0 ), or after incubation (in polypropylene tubes) with medium or LPS (1 mg/ml) for 10 and 30 min, 1 hr, or 6 hr. Whereas the basal (t 0 ) levels of IkB-a were similar in BAC from smokers and nonsmokers, LPS induced a more rapid degradation of IkB-a in BAC from smokers. Representative data from one smoker and one nonsmoker are shown in Figure 4 . In LPS-stimulated BAC from smokers, degradation of IkB-a occurred as early as 10 min. In contrast, IkB-a degradation in BAC from nonsmokers was not detected until 30 min after LPS stimulation. Thus, studied. In preliminary experiments, we compared LPS-induced activation of MAP kinases in BAC to that by sorbitol, which potently induces stress signaling through osmotic shock in cells. LPS-induced (1 mg/ml) activation of MAP kinases was as potent as that by sorbitol (400 mM) at 30 min. This positive control experiment (i.e., BAC stimulated with sorbitol [400 mM]) was included in all donors examined.
The kinetics of MAP kinase activation was evaluated in BAC from smokers and nonsmokers that were cultured with LPS (1 mg/ml) for 10 or 30 min, or in the presence of sorbitol (400 mM) for 30 min. Cell lysates were prepared from these cultured cells, and from freshly isolated BAC. Immunoprecipitation of phosphorylated ERK, SAPK/ JNK, and p38 was followed by the assessment of kinase activity by substrate phosphorylation. A representative experiment from each of the two groups (smokers and nonsmokers) for each cascade is shown in Figure 5 (A, B, and C, upper panel). The intensity of the bands (measured by densitometry) for activated ERK, SAPK/JNK, and p38 were assessed in each subject and corrected to the basal activity to obtain induction of MAP kinase activity, and mean intensity for activation of each MAP kinase was calculated (Fig. 5, A, B , and C, lower panel). The basal levels of activated ERK and SAPK/JNK were similar in the two groups, whereas the basal levels of activated p38 were lower in smokers as compared to nonsmokers (p Ͻ .03) (data not shown). After 10 min of stimulation with LPS, activation of p38, but not ERK or SAPK/JNK, were higher in BAC from smokers as compared to nonsmokers. At 10 min, p38 was significantly higher in BAC from smokers as compared to nonsmokers (p Ͻ .045), and its activation was maintained at a higher level even at 30 min (Fig. 5C ). ERK was slightly higher in BAC from smokers at 10 min and plateaued at 30 min, whereas it continued to increase in BAC from nonsmokers (Fig. 5A) . In contrast, activation of SAPK/ JNK was similar in BAC from smokers and nonsmokers at 10 min, and was lower in BAC from smokers as compared to BAC from nonsmokers at 30 min (Fig. 5B) . However, this difference did not reach statistical significance. Therefore, the kinetics of LPS-induced MAP kinase activation was different in smokers and nonsmokers, and the MAP kinases were differentially activated in BAC from smokers as compared to that from nonsmokers.
To ensure that the differential activation of MAP kinases was not due to differences in amounts of kinases available for phosphorylation in BAC from smokers and nonsmokers, we measured the total basal ERK, p38, and SAPK/JNK by Western blot analysis following LPS stimulation. The total level of unphosphorylated kinases was similar in BAC from smokers (n ϭ 5) and nonsmokers (n ϭ 5) (Fig. 6) . the kinetics of IkB-a degradation correlated with the activation of NF-kB (Fig. 4) in BAC from smokers and nonsmokers, and was more rapid in smokers.
MAP Kinase Activation
To determine whether the various MAP kinase "cascades" are differentially activated in BAC from smokers and nonsmokers, the basal and LPSstimulated activation of ERK, SAPK/JNK, and p38 kinases in BAC from smokers and nonsmokers were 
Discussion
Cellular growth and differentiation are dependent on the activation of MAP kinases, which mediate the activation of nuclear factors that induce gene transcription. In this study, we found that BAC from smokers are more sensitive to LPS-induced degradation of IkB-a and activation of NF-kB as compared to BAC from nonsmokers. Interestingly, the pattern of MAP kinase activation was also different in BAC from smokers; of the three MAP kinases, p38 was In the lower panel, all data from smokers (n ϭ 5) and nonsmokers (n ϭ 5) were subjected to densitometric analysis. The ratio of MAP kinase activity of LPS stimulated/unstimulated cells was calculated and the mean Ϯ SEM fold increase in MAP kinase activity, from all donors was subjected to statistical analysis by Student's t test.
are 90% AM, rather than AM were chosen; any in vitro manipulation of BAC to isolate AM likely would have led to some activation of the cells. We found that BAC from smokers were more susceptible to LPS-induced activation of NF-kB as compared to BAC from nonsmokers; both lower amounts of LPS and faster kinetics of activation of NF-kB in BAC from smokers support this contention. In further support of these data, the degradation of the cytoplasmic inhibitor of NF-kB, IkB-a, was also more rapid in BAC from smokers as compared to nonsmokers. In contrast, the baseline levels of IkBa were similar in smokers and nonsmokers. This latter observation may reflect a degree of activation due to cellular manipulation during the lavage procedure, which could mask any in situ activation in smokers. On the other hand, BAC from smokers may have compensatory mechanisms to neutralize the constant activation of BAC due to continuous exposure to inhaled smoke. MAP kinases, which are critical to signal transduction from the cell surface to the nucleus, are both differentially regulated (39, 12) , and display distinct downstream effects (39, 40) . For example, Ogura et al. have previously shown that the spreading of macrophages induced by oxygen radicals involved activation of ERK and p38, but not SAPK/JNK (12) . On the other hand p38 and SAPK/JNK, but not ERK, participate in NO-induced apoptosis in macrophages (41) . In this study, the patterns of activation of MAP kinases were different in BAC from smokers and nonsmokers. p38 was induced to higher levels at 10 min in BAC from smokers than from nonsmokers. Both the total MAP kinase available for activation (in basal cells), and sorbitol-induced activation of MAP kinase was similar in BAC from smokers and nonsmokers. Therefore, higher levels of activation in p38 MAP kinase pathway did not relate to higher amounts of kinases available for phosphorylation. On the other hand, the basal levels of activated p38, but not that of ERK and SAPK/JNK, were significantly lower in BAC from smokers as compared to nonsmokers, which may in part explain its faster kinetics of activation by LPS. p38 has recently been associated with susceptibility to apoptotic cell death (42) , and lung cells from smokers are predisposed to apoptosis (43) . Whether lower basal levels of activated p38 relate to compensatory inhibitory mechanisms of p38 in BAC from smokers is not known. Further, recently a relationship between activation of p38 with the induction of the pro-inflammatory cytokines IL-12 (39), TNF alpha (44) , and IL-8 (44) has been shown. Whether the augmented activation of p38 by bacterial LPS in BAC from smokers underlies an intense inflammatory response upon exposure to microbes which in turn is conducive to predisposition to lung disease is not clear.
On the other hand, BAC from smokers appeared to have a blunted response when LPS-induced activation of SAPK/JNK was compared to BAC from activated with faster kinetics in BAC from smokers than nonsmokers. Activation of ERK was similar in BAC from both groups, and that of SAPK/JNK appeared to be less sensitive to activation by LPS in BAC from smokers as compared to nonsmokers. These alterations in activation of NF-kB and MAP kinases may underlie the predisposition of smokers to infection with various pathogens and development of lung disease.
Reactive oxygen intermediates (ROI) activate NFB, and the activation of NF-kB can be abrogated by anti-oxidants (27) . Despite controversy, it appears that AM from smokers produce higher levels of ROI than those from nonsmokers (28) (29) (30) (31) (32) (33) . However, redox-insensitive steps in activation of NF-kB (34) have also been described. For example, Suzuki et al. (6) have suggested that the anti-oxidantinhibitable step of signal transduction required for activation of NF-kB is located upstream of the redoxinsensitive serine/threonine protein phosphorylation process. Whether in addition to higher production of ROI, lung cells from smokers have alterations in these redox insensitive steps is unknown. Further, it is still unsettled as to whether the level of antioxidants, such as gluthathione reductase (GSH) and superoxide dismutase (SOD), are decreased in BAC from smokers (31, 35, 36) or increased (37) . However, as compared to nonsmokers, smokers have higher GSH concentrations in their epithelial lining fluid (38) . In this study, activation of NF-kB was assessed in BAC from smokers and nonsmokers. BAC, which nonsmokers; activation in BAC from smokers plateaued after 10 min and was lower at 30 min as compared to BAC from nonsmokers. The SAPK/JNK pathway is known to be activated upon in vitro infection by both extracellular (45) and intracellular bacterial pathogens (46) . The initial interaction between microbial pathogens, in particular intracellular organisms, and host signaling pathways may be critical to their pathogenesis. Thus the blunted stimulated activation of the SAPK/JNK pathway in smokers may underlie their predisposition to infection with a variety of pathogens. It has been shown that LPS activates all three pathways of MAP kinases in blood monocytes (47) , which are the precursors of alveolar macrophages that comprise 90% of BAC (16) . Differences in the activation and cytokine-producing capacity between monocytes and alveolar macrophages, have also been described before (48, 49) . For example, the transcription factor AP-1 is induced in monocytes in response to phorbol myristate acetate via the activation of ERK2; however, AP-1 is scarcely induced in alveolar macrophages (50) . Whether alterations in activation of MAP kinases, particularly in smokers, is part of the process of recruitment and maturation of monocytes to macrophages in the lung, or due to continuous exposure to oxidative stress or environmental stimuli in situ is not known.
Recent evidence indicates a requirement for MAP kinase signaling in infection of macrophages by HIV-1 (51). Moreover, apparently ERK links cytokine activation of latently HIV-1 infected cells through a cooperative interaction with NF-kB and other factors (52) . Understanding the differential activation of MAP kinases by pathogens in mononuclear phagocytes is important to the application of specific inhibitors of stress-activated pathways (53), as they become available. Whether alterations in responsiveness of MAP kinase pathways in lung macrophages from smokers are conducive to infection by HIV or intracellular pathogens needs to be further elucidated.
